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Description

[0001] The invention relates to nacelles for aircraft en-
gines, and more particularly relates to a nacelle for a
turbofan engine that includes a translating inlet cowl.
[0002] The functions of a nacelle for a turbofan engine
for an aircraft are generally twofold. First, the nacelle di-
rects air flow to the air intake of the engine while protect-
ing the air flow from disturbances such as gusts, and the
like. Second, the exterior surface profile of the nacelle
minimizes the aerodynamic drag caused by the engine
and its related components.
[0003] One design of a nacelle for a turbofan aircraft
engine is described in U.S. Patent No. 6,340,135 as-
signed to Rohr, Inc., and is shown in Figs. 1A and 1B.
As shown in Figs. 1A and 1B, a turbofan engine assembly
10 includes a nacelle structure 22 and a fan case 16. In
Figs. 1A and 1B, one side of the nacelle structure 22 is
removed for ease of illustration. The fan case 16 sur-
rounds the fan blades 18 of an engine 12. As shown in
Fig. 1B, the nacelle structure 22 includes a forward na-
celle portion 24 and a rearward nacelle portion 25. As
also shown in Fig. 1B, the forward nacelle portion 24
includes an outer skin 32, a noselip portion 28, an inner
skin 30, and a plurality of bulkheads 34, 36 disposed
between the outer skin 32 and the inner skin 30. The
forward nacelle portion 24 is movably mounted to an air-
craft’s pylon structure 26 by a beam 52. The beam 52
permits the forward nacelle portion 24 to translate be-
tween a retracted operational position shown in Fig. 1A,
and an extended service position shown in Fig. 1B. When
the forward nacelle portion 24 is in the extended service
position shown in Fig. 1B, an opening 40 between the aft
edge of the forward nacelle portion 24 and the forward
edge of the rearward nacelle portion 25 provides service
access to various engine accessories, such as an en-
gine’s gearbox, electrical generators, and the like. When
the forward nacelle portion 24 is in the operational posi-
tion shown in Fig. 1A, the forward edge of the fan case
16 is releasably engaged with the aft edge of the inner
barrel 30 to provide a substantially continuous inner sur-
face.
[0004] The nacelle structure 22 described in U.S. Pat-
ent No. 6,340,135 can be improved. In particular, there
is a need for a nacelle structure having an interface be-
tween the inlet inner barrel and the fan case that is re-
sistant to substantial damage from a blade out event, and
can thus help to provide fly home capability following such
an event. As is known in the art, a "blade out event" arises
when a blade is accidentally released from a turbine’s
rotor, such as when a first-stage fan blade is accidentally
released in a high-bypass gas turbine engine. U.S. Fed-
eral Aviation Administration (FAA) regulations require
that certain structures be designed to sufficiently with-
stand such an event so that safe operation of an associ-
ated aircraft can be maintained. In addition, there is a
need for a nacelle structure for a turbofan aircraft engine
that is even lower in weight, and thus contributes to fur-

ther increases in aircraft efficiency.
[0005] FR 2916425 A1 contains information useful to
understanding the present invention.
[0006] According to the invention there is provided a
nacelle a nacelle for a turbofan aircraft engine having a
fan case with a fan case forward edge, the nacelle com-
prising: (a) an inlet inner barrel having an inner barrel
forward edge and an inner barrel aft edge, the inner barrel
aft edge being configured to be affixed to the fan case
forward edge In a fixed stationary position on the engine;
(b) a translating inlet cowl having an inlet lip with an aft
inlet lip edge and an outer skin with a rear edge; (c) where-
in the translating inlet cowl is configured to be movably
attached to one or more stationary portions of the engine
such that the inlet cowl is selectively movable in the for-
ward and aft directions relative to the fan case between
a stowed flight position and an extended service position;
(d) wherein the aft inlet lip edge is adjacent to the inner
barrel forward edge when the inlet lip is in the stowed
flight position, and the aft inlet lip edge is remote from
the inner barrel forward edge when the inlet lip is in the
extended service position; (e) the nacelle further com-
prising at least one linear actuator for selectively moving
the translating inlet cowl between the stowed flight posi-
tion and the extended service position; (f) wherein a plu-
rality of movable electromechanical latches are circum-
ferentially spaced around the inner barrel forward edge
and configured for selectively latching the inlet lip aft inner
edge to the inlet inner barrel forward edge in the stowed
flight position and to disengage from the inlet lip to allow
movement of the translating inlet cowl to the service po-
sition each of the latches having an electrical actuator;
and (g) characterised by each electromechanical latch
including a catch pivotally mounted on a bracket; each
bracket being attached to the inlet inner barrel proximate
to the inner barrel forward edge; and each electrical ac-
tuator comprising a rotary solenoid to control movement
and positioning of the catch between a latched position
and a fully unlatched position.
[0007] In another embodiment, a nacelle for a turbofan
aircraft engine having a fan case includes a translating
inlet cowl and a support beam affixed to the engine fan
case. The support beam substantially supports the trans-
lating inlet cowl on the engine, and is configured to permit
the translating inlet cowl to be selectively translated be-
tween a stowed flight position and an extended service
position.
[0008] Broadly speaking, the invention provides a na-
celle for a turbofan aircraft engine having a fan case with
a fan case forward edge includes an inlet inner barrel
having an inner barrel forward edge and an inner barrel
aft edge. The inner barrel aft edge is configured to be
affixed to the fan case forward edge in a stationary po-
sition on the engine. The nacelle also includes a trans-
lating inlet cowl haying an inlet lip with an aft inlet lip edge
and an outer skin with rear edge. The translating inlet
cowl is configured to be movably attached to one or more
stationary portions of the engine such that the inlet cowl
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is selectively movable between a stowed flight position
and an extended service position.
[0009] These and other aspects of the invention will be
understood from a reading of the following detailed de-
scription together with the drawings, in which

Fig. 1A is a perspective view of a prior art aircraft
engine nacelle with a translating inlet cowl in its re-
tracted operational position;
Fig. 1B is a perspective view of the prior art aircraft
engine nacelle shown in Fig. 1B with the translating
inlet cowl in its extended service position;
Fig. 2A is a side elevation view of a turbofan aircraft
engine that includes a nacelle according to one em-
bodiment of the invention with the translating forward
portion of the nacelle in a retracted operational po-
sition;
Fig. 2B is a side elevation view of the turbofan aircraft
engine shown in Fig. 2A with the translating forward
portion of the nacelle in an extended service position;
Fig. 3A is a partial longitudinal cross-sectional view
of the turbofan aircraft engine shown in
Figs. 2A and 2B with the translating forward portion
of the nacelle in a retracted operational position;
Fig. 3B is a partial longitudinal cross-sectional view
of the turbofan aircraft engine shown in Figs. 2A and
2B with the translating forward portion of the nacelle
in an extended service position;
Fig. 4 is a front perspective view of the turbofan air-
craft engine shown in Figs. 2A-3B;
Fig. 5A is a side elevation view of a support tray for
movably mounting the translating forward portion of
the nacelle to fixed portions of a turbofan engine as-
sembly;
Fig. 5B is a perspective view of the support tray
shown in Fig. 5A;
Fig. 6A is a side elevation view of another embodi-
ment of a support tray for movably mounting the
translating forward portion of the nacelle to fixed por-
tions of a turbofan engine assembly;
Fig. 6B is a perspective view of the support tray
shown in Fig. 6A;
Fig. 7 is a perspective view showing details of the
support tray shown in Figs. 5A-6B;
Fig. 8 is a perspective view showing alternative de-
tails of the support tray shown in Figs. 5A-6B;
Fig. 9 is a front cross-sectional view of portions of a
nacelle assembly according to the invention taken
along section line 9-9 in Fig. 2B;
Fig. 10 is a perspective view of an actuator for moving
a forward nacelle portion between a retracted oper-
ational position and an extended service position;
Fig. 11 is a perspective view of another actuator for
moving a forward nacelle portion between a retract-
ed operational position and an extended service po-
sition;
Fig. 12 is a partial perspective view of a nacelle struc-
ture according to the invention showing a pair of

clocking fittings;
Fig. 13A is an alternative which is outside the scope
of claim 1, showing a perspective view of one em-
bodiment of a mechanical latching system for selec-
tively latching a nacelle inlet lip to an inner barrel;
Fig. 13B is a partial perspective view of the mechan-
ical latching system shown in Fig. 13A showing var-
ious details of the system;
Figs. 14A-14D illustrate a sequence of operation of
the latching system shown in Figs. 13A and 13B;
Figs. 15A-15C illustrate a sequence of operation of
one embodiment of an electromechanical latching
system for selectively latching a nacelle inlet lip to
an inner barrel;
Fig. 16 is a longitudinal cross-sectional view of one
embodiment of a mating interface between an aft
edge of a movable inlet lip and a forward edge of a
stationary inner barrel;
Fig. 17 is a longitudinal cross-sectional view of an-
other embodiment of a mating interface between an
aft edge of a movable inlet lip and a forward edge of
a stationary inner barrel; and
Fig. 18 is a longitudinal cross-sectional view of yet
another embodiment of a mating interface between
an aft edge of a movable inlet lip and a forward edge
of a stationary inner barrel.

[0010] A turbofan aircraft engine assembly 100
equipped with a nacelle 120 according to one embodi-
ment of the invention is shown in Figs. 2A and 2B. The
nacelle 120 shrouds an engine 110, and includes a trans-
lating inlet cowl 124 and an aft nacelle portion 125. In a
flight configuration shown in Fig. 2A, the aft outer edge
124b of the translating inlet cowl 124 adjoins a forward
outer edge 125a of the aft nacelle portion 125 along an
aft outer joint 121. The translating inlet 124 can be re-
movably connected to the aft cowl 125 by a plurality of
circumferentially spaced latches 103. The latches 103
can be manually operated latches of a type known in the
art. The latches 103 can provide an alternate load path
between the translating inlet cowl 124 and the aft nacelle
portion 125 that can contribute to the fly home integrity
of an associated aircraft in the case of a blade out event.
The latches 103 also can pretension a forward joint 101
between an inner barrel 127 and a noselip 128 (shown
in Figs. 3A and 4).
[0011] In a service access configuration shown in Fig.
2B, the translating inlet cowl 124 is translated forward
such that an access opening 130 is formed between the
aft outer edge 124b of the translating inlet cowl 124 and
the forward outer edge 125a of the aft nacelle portion
125. The access opening 130 facilitates access to fan-
mounted engine accessories 132 that are located prox-
imate to the opening 130, such as the engine’s gearbox,
variable frequency starter generator (VFSG), terminal
block interface, oil tank, and the like.
[0012] The relative movement between the stationary
aft nacelle portion 125 and the translating inlet cowl 124
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is further illustrated in the cross-sectional views of Figs.
3A and 3B. In the flight configuration shown in Fig. 3A,
the aft outer edge 124b of the translating inlet cowl 124
can overlap the forward outer edge 125a of the aft nacelle
portion 125 along the aft outer joint 121. As also shown
in Fig. 3A, the translating inlet cowl 124 can include an
inlet lip 128 and an outer skin 129. An inner barrel section
127 can be affixed to a fan case 116. In the configuration
shown in Fig. 3A, the aft edge 127b of the inner barrel
127 and the forward edge 116a of the fan case liner 116
are joined along an interior joint 203. The adjoining edges
127b, 116a of the inner barrel 127 and the fan case liner
116 can be connected together using mechanical fasten-
ers such as bolts or rivets, or the like.
[0013] In the closed flight configuration shown in Fig.
3A, an inner aft edge 128b of the noselip 128 adjoins the
forward edge 127a of the inner barrel section 127 along
a forward interior joint 101. In the service access config-
uration shown in Fig. 3B, the forward nacelle portion 124
is translated forward relative to the aft nacelle portion
125, thus forming the service access opening 130 ther-
ebetween. As can be seen in Fig. 3B, the opening 130
provides substantially unobstructed exterior access to
the outer surface of the fan case 116 and to any acces-
sory equipment mounted or situated therearound.
[0014] Various configurations for supporting the trans-
lating inlet cowl 124 on an aircraft engine assembly 100
are shown in Figs. 4-12. As shown in Fig. 4, the translating
inlet cowl 124 can be movably supported by a support
beam assembly 150, 160 and by one or more side sta-
bilizing beams 167. In this embodiment, a substantial por-
tion of the weight of the translating inlet cowl 124 can be
borne by the support beam assembly 150, 160, and the
side stabilizing beams 167 primarily assist in maintaining
alignment and stability of the translating inlet cowl 124
when the cowl 124 is translated forward- In one embod-
iment, the translating inlet cowl 124 is supported by two
side stabilizing beams 167, each positioned proximate
to a lateral side of the engine assembly 100. Support
beam assemblies 150 and 160 are alternate embodi-
ments for movably supporting the translating inlet cowl
124, and are described below.
[0015] One embodiment of a support beam assembly
150 is shown in Figs. 5A and 5B. In this embodiment, the
support beam assembly 150 includes an elongated beam
153 and a pair of opposed sliding members 155. As
shown in Fig. 5A, the sliding members 155 can be se-
curely attached to the translating inlet cowl’s outer skin
129. The sliding members 155 are slidably engaged on
the beam 153. In Figs. 5A and 5B, the sliding members
155 are shown in their fully retracted positions on the
beam 153. In this embodiment, the aft end 153b of the
beam 153 is attached to a forward portion of an engine
pylon 126 by a pair of clevis-type connectors 159, and
the forward end 153a of the beam 153 is connected to
the fan case liner 116 by one or more brackets 157.
[0016] In an alternative embodiment shown in Figs. 6A
and 6B, a support beam assembly 160 includes an elon-

gated beam 163 and a pair of opposed sliding members
165. Again, the sliding members 165 can be securely
attached to the translating inlet cowl’s outer skin 129, and
are slidably engaged on the beam 163. In Figs. 6A and
6B, the sliding members 165 are shown in their fully re-
tracted positions on the beam 163. In this embodiment,
the aft end 163b of the beam 163 is attached to an aft
portion of the fan case liner 116 by one or more trunnions
or brackets 169, and the forward end 163a of the beam
163 is connected to a forward end of the fan case liner
116 by one or more brackets or tie rods 167, or the like.
As shown in Fig. 6B, the beam 163 can include one or
more stiffeners 161 to provide a more rigid beam struc-
ture. Though not shown in Figs. 5A and 5B, the beam
153 of support beam assembly 150 can also include one
or more similar stiffeners.
[0017] Further details of the support beam assemblies
150, 160 are shown in Figs. 7 and 8. In Fig. 7, the sliding
members 155, 165 each include a slide 158, 168 that is
engaged with a single rail 156, 166 on the beam 153,
163. A plurality of ball bearings can be disposed between
the slides 158, 168 and the single rails 156, 166 to min-
imize friction and facilitate relative sliding movement be-
tween the sliding members 155, 165 and the beams 153,
163 (not shown in Figs. 7 and 8). In the single-rail con-
figuration shown in Fig. 7, forward translation of the slide
158, 168 in the single rail 156, 166 permits the sliding
members 155, 165 to translate forward of the beam 153,
163. In this arrangement, the maximum distance that the
sliding members 155, 165 can translate forward of the
beam 153, 163 is limited by the length of the single rail
156, 166.
[0018] In the double-rail configuration shown in Fig. 8,
the sliding members 155, 165 each include a first slide
151, 161 that is engaged with a first side of a double rail
152, 162 on the beam 153, 163, and a second slide 154,
164 on the beam 153, 163 is engaged with a second side
of the double rail 152, 162. In this arrangement, the dou-
ble rail 152, 162 can translate forward of the beam 153,
163 on the second slide 154, 164, and the sliding mem-
bers 155, 165 and first slides 151, 161 can translate for-
ward of the extended double rail 152, 162. Thus, the max-
imum distance that the sliding members 155, 165 can
translate forward of the beam 153, 163 is almost twice
the length of the double rail 152, 162. Accordingly, when
the single rails 156, 166 (Fig. 7) and the double rails 152,
162 (Fig. 8) have equal lengths, the double-rail configu-
ration shown in Fig. 8 permits approximately twice the
translational displacement between the sliding members
155, 165 and the beam 153, 163 as the single-rail ar-
rangement shown in Fig. 7. Again, a plurality of ball bear-
ings can be disposed between the slides 154, 164 and
the rails 152, 162 to minimize friction and facilitate relative
sliding movement between the sliding members 155, 165
and the beams 153, 163 (not shown in Figs. 7 and 8). In
this embodiment, once the latches 103 have been re-
leased, the translating cowl can be manually pushed for-
ward to provide access to the fan case mounted acces-
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sories.
[0019] One embodiment of a system for translating an
inlet cowl 124 between its retracted and extended posi-
tions is shown in Figs. 9-11. As shown in Fig. 9, one or
more linear actuators 170, 172 can be provided for au-
tomatically moving the inlet cowl 124 between its stowed
and service positions. In the embodiment shown in Fig.
9, a linear actuator 170, 172 is provided on each lateral
side of the fan case liner 116, wherein the two actuators
170, 172 are substantially equidistant from the support
beam 150, 160.
[0020] As respectively shown in Figs. 10 and 11, the
linear actuators 170, 172 can be ball screw actuators. In
the embodiment shown, first and second actuators 170,
172 each include a ball screw 173 having a forward end
engaged with a forward ball screw support 175, and an
aft end engaged with an aft ball screw support 177. As
shown in Fig. 10, the aft tip 202 of the ball screw 173 of
an actuator 170 can outwardly extend from its associated
aft ball screw support 177. The aft ball screw support 177
and/or tip 202 can include a hex configuration for driving
engagement with an air motor or other powered rotational
tool or device (not shown).
[0021] As shown in Figs. 10 and 13A, the two forward
ball screw supports 175 can be connected by a synchro-
nizing cable 179 such that powered rotation of one ball
screw 173 will result in simultaneous and synchronized
rotation of the other ball screw 173. As shown in Figs. 10
and 11, the forward ball screw supports 175 and the aft
ball screw supports 177 can be connected to the fan case
116. Selective rotation of the screws 173 results in trans-
lational displacement of the face plates 203 and the inlet
cowl 124 connected thereto. Accordingly, the inlet cowl
124 can be translated in forward and aft directions relative
to the fan case 116 (as previously shown in Figs. 3A and
3B) by selective rotation of the ball screws 173.
[0022] As shown in Fig. 12, the inlet cowl 124 and inner
barrel 127 can include clocking fittings 182, 184 in order
to maintain rotational alignment between the translating
inlet cowl 124 and the inner barrel 127. The clocking fit-
tings can include mating V-shaped male and female
members 182, 184 that engage each other when the aft
edge 128b of the inlet lip 128 is retracted against the
forward edge 127a of the inner barrel 127. In the embod-
iment shown in Fig. 12, a male V-block 182 is affixed to
an aft portion 128b of the inlet lip 128, and a mating female
V-block 184 is affixed to a forward portion 127a of the
inner barrel 127. One or more pairs of mating blocks 182,
184 can be circumferentially spaced around the inlet lip
128 and the inner barrel 127.
[0023] Figs. 13A-14D show alternatives of two latching
systems 190, 220 that may be used to latch the translat-
ing inlet cowl to the inner barrel in the stowed flight po-
sition. These alternatives are outside the scope of claim
1. In the arrangement shown in Figs. 13A-14D, a me-
chanical latching system 190 is integrated with the ball-
screw linear actuators 170, 172 described above. As
shown in Fig. 13A, the latching system 190 includes a

pair of ring segments 191, 193. Each ring segment 191,
193 includes a plurality of circumferentially spaced latch
assemblies 196. As shown in Fig 13B, the aft ball screw
support 177 on the aft end of the left-side actuator 172
(as best shown in the enlarged altered detail in the upper
right portion of Fig. 13B) can include an aft ball screw
receiver 207 joined to the engine fan case 116 via the aft
ball screw support bracket 251. The face plate 203 can
be affixed to the outer skin 129 (not shown in Fig. 13B).
The aft push rod fitting 205 is slidably engaged with the
face plate slide 208 on the face plate 203. As also shown
in Fig. 13B, the forward ball screw support 175 on the
forward end of the left-side actuator 172 (as best shown
in the enlarged altered detail in the lower left portion of
Fig. 13B) includes a forward ball screw receiver 204 and
a forward support block 206. The forward support block
206 can be affixed to a portion of the fan case 116. As
further shown in Fig. 13B, each latch assembly 196 (as
best shown in the enlarged altered detail in the upper left
portion of Fig. 13B) includes a slide base 211 with a latch
ring slide 219, and a strike 213 slidably engaged in the
latch ring slide 219. The slide base 211 can be affixed to
the outer skin 129 of the translatable inlet cowl 124 (see
Fig. 14C). A hook-shaped latch catch 217 is pivotally
mounted to a pivot fitting 215, which can be affixed to a
forward portion of the inlet inner barrel 127 (see Fig. 14B).
The latch catches 217 can be biased by springs toward
a latched position, wherein the latch catches 217 grab
the aft edge 128b of the inlet lip 128, and clamp the inlet
lip 128 to the forward edge 127a of the inner barrel 127
(see Fig. 14C). As shown in Fig. 13B, a push rod 199
extends between the aft push rod fitting 205 and a forward
push rod fitting 202 affixed to the latch ring segment 191.
The right side portion 192 of the mechanical latching sys-
tem shown in Fig. 13A can be a mirror image of the left
side portion shown in detail in Fig. 13B.
[0024] Operation of the mechanical latch system 190
is described with reference to Figs. 14A-14D. In the fol-
lowing description, the translatable inlet cowl is initially
in its stowed flight position, and the spring loaded latch
catches 217 described above are initially engaged with
the inlet lip. Referring to Fig. 14A, initial clockwise rotation
of the end 202 of the ball screw 173 with an air motor or
other rotating tool causes the ball screw nut 209, the aft
push rod fitting 205, and the attached push rod 199 to
move in a forward direction relative to the face plate 203,
with the aft push rod fitting 205 sliding within the face
plate slide 208. As shown in Fig. 14B, the initial forward
movement of the push rod 199 results in corresponding
forward movement of the latch ring segment 191 and the
affixed strike 213. As shown in Fig. 14C, as the wedge-
shaped strike 213 moves forward, contact with the cor-
responding latch catch 217 causes the latch catch 217
to rotate away from its fully latched engagement with the
aft edge 128b of the inlet lip 128. As shown in Fig. 14D,
once the aft push rod fitting 205 has moved a distance
"x" and reaches the end of the face plate slide 208, the
aft push rod fitting 205 is prevented from moving further
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in a forward direction with respect to the face plate 203.
When the aft push rod fitting 205 and push rod 199 are
in the forward-most positions shown in Fig. 14D, the
wedge-shaped strikes 213 have also advanced a dis-
tance "x", and have moved sufficiently to cause the latch
catches 217 to fully disengage from the aft edge 128b of
the inlet lip 128 as shown in Fig. 14C, thus freeing the
inlet cowl 124 to translate forward. Further rotation of the
ball screw 173 causes the face plate 203 and the affixed
inlet cowl 124 to translate forward relative to the aft na-
celle portion 125, thus forming the service access open-
ing 130 shown in Figs. 2B and 3B.
[0025] To return the inlet cowl 124 to its stowed flight
position, the process described above and shown in Figs.
14A-14D is reversed. Counterclockwise rotation of the
ball screw 173 produces aftward movement of the inlet
cowl 124 until the aft edge 128b of the inlet lip 128 con-
tacts the forward edge 127a of the inner barrel 127. Ad-
ditional counterclockwise rotation of the ball screw 173
causes the aft push rod fitting 205 to slide back on the
face plate 203, thus pulling the push rod 199 and the
connected the latch ring segment 191 and strikes 213
aftward. Once the strikes 213 have reached their rear-
most positions and have disengaged from the latch
catches 217, the spring-loaded latch catches 217 are free
to engage portions of the inlet lip 128, and thereby latch
the inlet cowl 124 to the fan case 116 and inner barrel 127.
[0026] An electromechanical latch 220 for selectively
securing the inlet lip 128 to the inner barrel 127 according
to the invention is shown in Figs. 15A-15C. Each latch
220 includes a catch 225 pivotally mounted on a bracket
221. The bracket 221 is attached to the inner barrel 127
proximate to the inner barrel’s forward edge 127a. An
electrical actuator 223 such as a rotary solenoid controls
movement and positioning of the catch 225 between the
latched position shown in Fig. 15A and the fully unlatched
positions shown in Figs. 15B and 15C. A plurality of elec-
tromechanical latches 220 can be circumferentially
spaced around the joint 101 between the forward edge
127a of the inlet inner barrel 127 and the aft inner edge
128b of the inlet lip 128.
[0027] Figs. 16-18 show three embodiments of a sub-
stantially air-tight and aligned interface along the joint
101 between the forward edge 127a of the inlet inner
barrel 127 and the aft inner edge 128b of the inlet lip 128
when the translating inlet cowl 124 is in its stowed flight
position (as shown in Fig. 3A). In the interface arrange-
ment 230 shown in Fig. 16, the inlet inner barrel 127
includes a first flange 231, and the inlet lip 128 includes
a corresponding second flange 232. The first flange 231
can include a plurality of receptacles 233 distributed
evenly around the forward joint 101, and the second
flange 232 can include a plurality of tapered pins 234 that
align the lip 128 and the inner barrel 127 when the nacelle
is in its flight configuration. A seal member 201 of a re-
silient material such as rubber can be provided within a
circumferential cavity 299 in the first flange 231. The seal
201 can be compressed against the adjacent surface of

the second flange 232 to provide an aerodynamic seal
when the inlet cowl 124 is in its stowed flight position. In
the interface arrangement 240 shown in Fig. 17, a female
member 243 on the aft edge 128b of the inlet lip 128
receives a male member 244 on the forward edge 127a
of the inner barrel 127. In this embodiment 240, neither
the inlet lip 128 nor the inner barrel 127 requires an up-
standing flange. A seal 297 of a resilient material such
as rubber, for example, can be disposed between the tip
of male member 244 and the bottom of the recess in
female member 243. The seal 297 can be compressed
between the male and female members 243, 244 to pro-
vide an aerodynamic seal when the inlet cowl 124 is in
its stowed flight position.
[0028] In another interface configuration 250 shown in
Fig. 18, the aft edge 128b of the inlet lip 128 can have a
conical shape, and can mate with a conically shaped for-
ward edge 127a of the inner barrel 127. When the inlet
cowl 124 is in its stowed flight position, the edges 128b,
127a align to provide an aerodynamic joint 101. A seal
245 can be installed between the mating conical edges
128b, 127a to aerodynamically seal the joint 101.
[0029] Affixing the inner barrel 127 to the fan case 116
in a stationary position (as shown in Fig. 3B) provides a
strong, durable and efficient structure that enhances the
ability of the inner barrel 127 and the fan case 116 to
endure a blade out event, and to support an aircraft’s
subsequent fly home capability. The translating nacelle
structure described above also provides substantial re-
ductions in weight that benefit aircraft efficiency. In the
embodiments described above, for example, the nacelle
structure can be approximately 40-50 pounds lighter than
a comparable nacelle structure like that described in U.S.
Patent No. 6,340,135.

Claims

1. A nacelle (120) for a turbofan aircraft engine (100)
having a fan case (116) with a fan case forward edge
(116a), the nacelle comprising:

(a) an inlet inner barrel (127) having an inner
barrel forward edge (127a) and an inner barrel
aft edge (127b), the inner barrel aft edge (127b)
being configured to be affixed to the fan case
(116) forward edge (116a) in a fixed stationary
position on the engine (100);
(b) a translating inlet cowl (124) having an inlet
lip (128) with an aft inlet lip edge (128b) and an
outer skin (129) with a rear edge (124b);
(c) wherein the translating inlet cowl (124) is con-
figured to be movably attached to one or more
stationary portions of the engine (100) such that
the inlet cowl (124) is selectively movable in the
forward and aft directions relative to the fan case
between a stowed flight position and an extend-
ed service position;
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(d) wherein the aft inlet lip edge (128b) is adja-
cent to the inner barrel forward edge (127a)
when the inlet lip (128) is in the stowed flight
position, and the aft inlet lip edge (128b) is re-
mote from the inner barrel forward edge when
(127a) the inlet lip (128) is in the extended serv-
ice position;
(e) the nacelle (120) further comprising at least
one linear actuator (170, 172) for selectively
moving the translating inlet cowl (124) between
the stowed flight position and the extended serv-
ice position;
(f) wherein a plurality of movable electrome-
chanical latches (220) are circumferentially
spaced around the inner barrel forward edge
(127a) and configured for selectively latching
the inlet lip aft inner edge to the inlet inner barrel
forward edge (127a) in the stowed flight position
and to disengage from the inlet lip (128) to allow
movement of the translating inlet cowl to the
service position, each of the latches (220) hav-
ing an electrical actuator (223); and
(g) characterised by each electromechanical
latch (220) including a catch (225) pivotally
mounted on a bracket (221); each bracket (221)
being attached to the inlet inner barrel (127)
proximate to the inner barrel forward edge
(127a); and each electrical actuator (223) com-
prising a rotary solenoid to control movement
and positioning of the catch (225) between a
latched position and a fully unlatched position.

2. A nacelle (120) for a turbofan aircraft engine (100)
according to claim 1 further comprising a stationary
aft nacelle portion (125) having a forward edge
(125a), wherein a service opening (130) is formed
between the aft edge (124b) of the outer skin (129)
and the front edge (125a) of the aft nacelle portion
(125) when the translating inlet cowl (124) is in the
extended service position, the service opening (130)
being proximate to the engine fan case (116).

3. A nacelle (120) for a turbofan aircraft engine (100)
according to claim 1 or 2 wherein the at least one
linear actuator comprises a plurality of circumferen-
tially spaced linear actuators (170, 172), and each
linear actuator comprises a ball screw (173) extend-
ing between a forward ball screw support (175) and
an aft ball screw support (177); rotation of the ball
screws (173) causing the inlet cowl (124) to translate
in the forward and aft directions; and a synchronizing
cable (179) connected to the circumferentially
spaced actuators (170, 172) and configured to en-
sure that the ball screws (173) rotate in synchrony.

4. A nacelle (120) for a turbofan aircraft engine (100)
according to any one of the preceding claims further
comprising mating seal members (244, 243) on the

inner barrel forward edge (127a) and the inlet lip aft
inner edge (128b) that sealingly engage each other
when the translating inlet cowl (124) is in the stowed
flight position.

5. A nacelle (120) for a turbofan aircraft engine (100)
according to any one of the preceding claims further
comprising at least one stabilizing beam (167) for
movably attaching the translating inlet cowl (124) to
one or more stationary portions of the engine (100).

6. A nacelle (120) for an aircraft turbofan engine (100)
according to any one of the preceding claims wherein
the inlet inner barrel aft edge (127b) is affixed to the
fan case forward edge (116a) by a plurality of me-
chanical fasteners.

7. A nacelle (120) for an aircraft turbofan engine (100)
according to any one of the preceding claims wherein
the engine (100) includes a pylon (126), and wherein
the translating inlet cowl (124) is at least partially
movably supported by the pylon (126).

8. A nacelle (120) for an aircraft turbofan engine (100)
according to any one of the preceding claims wherein
the translating inlet cowl (124) is at least partially
movably supported by the fan case (116).

9. A nacelle (120) for an aircraft turbofan engine (100)
according to any one of the preceding claims wherein
the plurality of latches (220) are configured to auto-
matically latch the aft inlet lip edge (128b) to the inlet
inner barrel forward edge (127a) when the translat-
ing inlet cowl portion (124) is moved from the extend-
ed service position to the stowed flight position.

10. A nacelle (120) for an aircraft turbofan engine (100)
according to any one of the preceding claims further
comprising a support beam (150, 160) having a fixed
portion (153, 163) affixed to one or more stationary
portions of the engine (100), and a movable portion
(155, 165) affixed to the translating inlet cowl (124).

11. A nacelle (120) for an aircraft turbofan engine (100)
according to any one of claims 2 to 10 wherein the
service opening (130) is proximate to the engine fan
case (116).

12. A nacelle (120) for an aircraft turbofan engine (100)
according to any one of the preceding claims further
comprising mating fittings (182, 184, 233, 234, 243,
244) on the inlet inner barrel forward edge (127a)
and the aft inlet lip edge (128b) that engage each
other when the translating inlet cowl (124) is in the
stowed flight position.
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Patentansprüche

1. Gondel (120) für ein Turbofan-Flugtriebwerk (100),
das ein Fan-Gehäuse (116) mit einer Vorderkante
des Fan-Gehäuses (116a) aufweist, wobei die Gon-
del Folgendes umfasst:

(a) ein inneres Einlassrohr (127) mit einer Vor-
derkante des inneren Rohrs (127a) und einer
Hinterkante des inneren Rohrs (127b), wobei
die Hinterkante des inneren Rohrs (127b) zur
Anbringung an der Vorderkante (116a) des Fan-
Gehäuses (116) in einer fixierten stationären
Position des Triebwerks (100) ausgestaltet ist;
(b) eine verschiebbare Einlasshaube (124), die
eine Einlasslippe (128) mit einer Hinterkante der
Einlasslippe (128b) und eine äußere Schale
(129) mit einer Rückkante (124b) aufweist;
(c) wobei die verschiebbare Einlasshaube (124)
zur bewegbaren Anbringung an einem oder
mehreren stationären Abschnitten des Trieb-
werks (100) ausgestaltet ist, sodass die ver-
schiebbare Einlasshaube (124) im Verhältnis
zum Fan-Gehäuse zwischen einer eingefahre-
nen Flugposition und einer ausgefahrenen Ser-
viceposition selektiv nach vom und nach hinten
bewegbar ist;
(d) wobei die Hinterkante der Einlasslippe
(128b) neben der Vorderkante des Innenrohrs
(127a) liegt, wenn die Einlasslippe (128) sich in
der eingefahrenen Flugposition befindet, und
die Hinterkante der Einlasslippe (128b) von der
Vorderkante des Innenrohrs (127a) entfernt
liegt, wenn die Einlasslippe (128) sich in der aus-
gefahrenen Serviceposition befindet;
(e) die Gondel (120) außerdem mindestens ei-
nen linearen Aktuator (170,172) umfasst, um die
verschiebbare Einlasshaube (124) selektiv zwi-
schen der eingefahrenen Flugposition und der
ausgefahrenen Serviceposition zu bewegen;
(f) wobei eine Vielzahl bewegbarer elektrome-
chanischer Klinken (220) zirkumferentiell um die
Vorderkante des Innerohrs (127a) beabstandet
und zum selektiven Einklinken der Innenkante
der Einlasslippe in die Vorderkante des inneren
Einlassrohrs (127a) in der eingefahrenen Flug-
position ausgestaltet sind, sowie dazu, sich von
der Einlasslippe (128) zu lösen, um zu ermögli-
chen, dass sich die umkehrende Einlasshaube
in die Serviceposition verschiebt, wobei jede der
Klinken (220) einen elektrischen Aktuator (223)
aufweist; und
(g) dadurch gekennzeichnet, dass jede elek-
tromechanische Klinke (220) eine Raste (225)
umfasst, die zentral auf einer Halterung (221)
angebracht ist; wobei jede Halterung (221) an
dem inneren Einlassrohr (127) in der Nähe der
Vorderkante der Innenrohrs (127a) angebracht

ist und jeder elektrische Aktuator (223) eine
drehbare Magnetspule umfasst, um die Bewe-
gung und Positionierung der Raste (225) zwi-
schen einer eingeklinkten und komplett ausge-
klinkten Position zu steuern.

2. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach Anspruch 1, außerdem einen stationären hin-
teren Abschnitt der Gondel (125) mit einer Vorder-
kante (125a) umfassend, wobei zwischen der Hin-
terkante (124b) der äußeren Schale (129) und der
Vorderkante (125a) des hinteren Abschnitts der
Gondel (125) eine Serviceöffnung (130) geformt
wird, wenn die verschiebbare Einlasshaube (124)
sich in der ausgefahrenen Serviceposition befindet,
wobei die Serviceöffnung (130) in der Nähe des Fan-
Gehäuses des Triebwerks (116) liegt.

3. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach Anspruch 1 oder 2, wobei der mindestens eine
lineare Aktuator eine Vielzahl von zirkumferentiell
beabstandeten linearen Aktuatoren (170, 172) um-
fasst, und jeder lineare Aktuator eine Kugelumlauf-
spindel (173) aufweist, die zwischen einer vorderen
Kugelumlaufspindelstütze (175) und einer hinteren
Kugelumlaufspindelstütze (177) verläuft; wobei die
Rotation der Kugelumlaufspindeln (173) die Einlass-
haube (124) dazu bringt, sich nach vom und nach
hinten zu verschieben; sowie ein synchronisieren-
des Kabel (179), das mit den zirkumferentiell beab-
standeten Aktuatoren (170, 172) verbunden und da-
zu ausgestaltet ist, sicherzustellen, dass sich die Ku-
gelumlaufspindeln (173) synchron drehen.

4. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach einem der vorangehenden Ansprüche, außer-
dem zusammenpassende Dichtungsglieder (224,
243) auf der Vorderkante des Innerohrs (127a) und
der hinteren Innenkante der Einlasslippe (128b) um-
fassend, die abdichtend ineinander einrasten, wenn
sich die verschiebbare Einlasshaube (124) in der
eingefahrenen Flugposition befindet.

5. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach einem der vorangehenden Ansprüche, außer-
dem mindestens einen Stabilisierungsbalken (167)
umfassend, um die verschiebbare Einlasshaube
(124) bewegbar an einem oder mehreren stationä-
ren Abschnitten des Triebwerks (100) zu befestigen.

6. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach einem der vorangehenden Ansprüche, wobei
die Hinterkante des inneren Einlassrohrs (127b) mit
einer Vielzahl mechanischer Befestigungselemente
an der Vorderkante des Fan-Gehäuses (116a) be-
festigt ist.

7. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
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nach einem der vorangehenden Ansprüche, wobei
das Triebwerk (100) eine Triebwerkaufhängung
(126) umfasst und wobei die verschiebbare Einlass-
haube (124) mindestens teilweise bewegbar von der
Aufhängung (126) getragen wird.

8. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach einem der vorangehenden Ansprüche, wobei
die verschiebbare Einlasshaube (124) zumindest
teilweise bewegbar von dem Fan-Gehäuse (116) ge-
tragen wird.

9. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach einem der vorangehenden Ansprüche, wobei
die Vielzahl von Klinken (220) dazu ausgestaltet ist,
die Hinterkante der Einlasslippe (128b) automatisch
in die Vorderkante des inneren Einlassrohrs (127a)
einzuklinken, wenn der verschiebbare Einlasshau-
benabschnitt (124) von der ausgefahrenen Service-
position in die eingefahrene Flugposition verscho-
ben wird.

10. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach einem der vorangehenden Ansprüche, außer-
dem einen Stützbalken (150, 160) mit einem fixierten
Abschnitt (153, 163) umfassend, der an einem oder
mehreren stationären Abschnitten des Triebwerks
(100) befestigt ist, sowie einen bewegbaren Ab-
schnitt (155, 165), der an der verschiebbaren Ein-
lasshaube (124) befestigt ist.

11. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach einem der Ansprüche 2 bis 10, wobei die Ser-
viceöffnung (130) sich in der Nähe des Fan-Gehäu-
ses des Triebwerks (116) befindet.

12. Gondel (120) für ein Turbofan-Flugtriebwerk (100)
nach einem der vorangehenden Ansprüche, außer-
dem zusammenpassende Beschläge (182, 184,
233, 234, 243, 244) auf der Vorderkante des inneren
Einlassrohrs (127a) und der Hinterkante der Einlass-
lippe (128b) umfassend, die ineinander einrasten,
wenn sich die verschiebbare Einlasshaube (124) in
der eingefahrenen Flugposition befindet.

Revendications

1. Nacelle (120) pour un turboréacteur (100) ayant un
logement de ventilateur (116) avec un rebord avant
du logement de ventilateur (116a), la nacelle
comprenant :

a) un barillet interne d’entrée (127) ayant un re-
bord avant du barillet interne (127a) et un rebord
arrière du barillet interne (127b), le rebord arriè-
re du barillet interne (127b) étant configuré pour
être fixé au rebord avant (116a) du logement du

ventilateur (116) dans une position stationnaire
fixe du moteur (100) ;
b) un capuchon interne (124) de translation
ayant une lèvre d’entrée (128) avec un rebord
de lèvre interne arrière (128b) et une peau ex-
terne (129) avec un rebord arrière (124b) ;
c) dans lequel le capuchon interne (124) de
translation est configuré pour être fixée de façon
amovible à une ou plusieurs parties stationnai-
res du moteur (100) de sorte que le capuchon
interne (124) de translation soit sélectivement
déplaçable dans les directions avant et arrière
relativement au logement du ventilateur entre
une position rangée de vol et une position dé-
ployée de service ;
d) dans lequel le rebord de la lèvre d’entrée ar-
rière (128b) est adjacent au rebord avant du ba-
rillet interne (127a) lorsque la lèvre interne (128)
est dans la position rangée de vol, et le rebord
de la lèvre interne arrière (128b) est éloigné du
rebord avant du barillet interne lorsque (127a)
la lèvre interne (128) est dans une position dé-
ployée de service ;
e) la nacelle (120) comprenant également au
moins un actionneur linéaire (170,172) pour dé-
placer sélectivement le capuchon interne (124)
de translation entre la position rangée de vol et
la position déployée de service ;
f) dans lequel une pluralité de loquets électro-
mécaniques (220) déplaçables sont espacés en
circonférence autour du rebord avant du barillet
interne (127a) et configurée pour sélectivement
verrouiller le rebord interne arrière de la lèvre
d’entrée du rebord avant du barillet interne d’en-
trée (127a) dans la position rangée de vol et de
se déverrouiller de la lèvre interne (128) pour
permettre le mouvement du capuchon interne
de translation vers la position de service, chacun
des loquets (220) comportant un actionneur
électrique (223) ; et
g) caractérisé en ce que chaque loquet élec-
tromécanique (220) comprend un crochet (225)
monté en pivot sur une fixation (221) ; chaque
fixation (221) étant reliée au barillet interne d’en-
trée (127) à proximité du rebord avant du barillet
interne (127a) ; et chaque actionneur électrique
(223) comprenant un sélénoïde rotatif permet-
tant de contrôler le mouvement et le positionne-
ment du crochet (225) entre une position ver-
rouillée et une position complètement déver-
rouillée.

2. Nacelle (120) pour un turboréacteur (100) selon la
revendication 1, comprenant également une partie
de nacelle arrière stationnaire (125) comportant un
rebord avant (125a), dans lequel une ouverture de
service (130) est formée entre le rebord arrière
(124b) et la peau externe (129) et le rebord avant
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(125a) de la partie de nacelle arrière (125) lorsque
le capuchon interne de translation (124) est dans la
position déployée de service, l’ouverture de service
(130) étant proche du logement du ventilateur du
moteur (116).

3. Nacelle (120) pour un turboréacteur (100) selon la
revendication 1 ou la revendication 2, dans laquelle
l’au moins un actionneur linéaire comprend une plu-
ralité d’actionneurs linéaires (170, 172) espacée en
circonférence, et chaque actionneur linéaire com-
prenant une vis à billes (173) se prolongeant entre
un support avant de la vis à billes (175) et un support
arrière de la vis à billes (177) ; la rotation des vis à
billes (173) entraînant le capuchon interne (124) de
translation dans les directions avant et arrière ; et un
câble de synchronisation (179) relié aux actionneurs
(170, 172) espacée en circonférence et configuré
pour s’assurer que la vis à billes (173) tourne de
façon synchrone.

4. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications précédentes com-
prenant également l’accouplement des joints (244,
243) sur le rebord avant du barillet interne (127a) et
le rebord interne de la lèvre arrière (128b) qui entrent
en contact de façon étanche l’un avec l’autre lorsque
le capuchon interne (124) de translation se trouve
dans la position rangée de vol.

5. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications précédentes com-
prenant également au moins une barre de stabilisa-
tion (167) pour fixer de façon amovible le capuchon
interne (124) de translation à une ou plusieurs par-
ties stationnaires du moteur (100).

6. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications précédentes dans
laquelle le rebord arrière du barillet interne (127b)
est fixé au rebord avant du logement du ventilateur
(116a) par une pluralité d’attaches mécaniques.

7. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications précédentes dans
laquelle le moteur (100) comprend un pylône (126),
et dans laquelle le capuchon interne (124) de trans-
lation est au moins partiellement supporté de façon
amovible par le pylône (126).

8. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications précédentes dans
laquelle le capuchon interne (124) de translation est
au moins partiellement soutenu de façon amovible
par le logement du ventilateur (116).

9. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications précédentes dans

laquelle la pluralité de loquets (220) est configurée
pour verrouiller automatiquement le rebord de la lè-
vre interne arrière (128b) au rebord avant du barillet
interne (127a) lorsque le capuchon interne (124) de
translation est déplacé de la position déployée de
service vers la position rangée de vol.

10. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications précédentes com-
prenant également une barre de support (150, 160)
ayant une position fixe (153, 163) fixée à l’une ou
plusieurs parties stationnaires du moteur (100), et
une partie amovible (155, 165) fixée au capuchon
interne (124) de translation.

11. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications 2 à 10, dans laquelle
l’ouverture de service (130) est proche du logement
du ventilateur du moteur (116).

12. Nacelle (120) pour un turboréacteur (100) selon l’une
quelconque des revendications précédentes com-
prenant également des éléments d’accouplement
(182, 184, 233, 234, 243,244) sur le rebord avant du
barillet interne d’entrée (127a) et le rebord de la lèvre
d’entrée arrière (128b) qui entrent en contact l’un
avec l’autre lorsque le capuchon interne (124) de
translation est dans la position rangée de vol.
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